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A  quadradic programming model  is  used  to  evaluate spatial equilibrium
conditions for  the  U.S.  hard red spring (HRS)  wheat industry.  Criterion  of  the
model  is  to  maximize  net  social  pay-off,  which  is  the  sum  of  social  benefits
for  U.S.  farmers  and consumers (domestic  and foreign)  less  transportation
costs.  The  model  has  19  domestic producing regions,  13  domestic consuming
regions,  3  export  locations,  and  7 foreign importing regions.  The  model  is
annual in  nature.  The  modes  of  transportation used  in  this  study  are  rail,
truck,  barge,  laker,  and  ocean  vessels.
This  study  reveals that modal shares of  HRS  wheat  by  rail,  truck,  and
barge are  45,  15,  and  40  percent,  respectively,  in  the base  model.  However,
modal shares depend  upon relative changes in  transportation rates.  Modal
shares are more  sensitive to  changes in  rail rates than  to  changes  in  other
transportation rates.  Characteristics  of  modal share are different  between
domestic and export shipments of  wheat.  For domestic shipments,  rail  and  truck
compete  with  each other,  while  rail mainly  competes  with  barge  for  export
shipments.  It  is  also  found  that  approximately  20  percent  of  the  quantity  of
wheat  moved  via  waterway is  shipped through  the  Great  Lakes  from  Duluth  to
Buffalo,  New  York.  The  Great Lakes  port (Duluth)  is  a  major  export  port  for
spring wheat.  About  24  percent of  the  total quantity of  wheat  exported  is
shipped  through  Duluth  to  foreign  importing  regions.  This  port  is  especially
important  for  wheat  producers  in  the  Dakotas  and  Minnesota.  The  Pacific
Northwestern (PNW)  ports are the  largest  for  spring  wheat  exports;  they  handle
about  49  percent  of  the  total  spring  wheat  exported.
According  to  this study,  changes in ocean  freight  rates  do  not  alter
modal share and  flow  direction in  shipping wheat from  producing regions  to
domestic consuming  regions and export  ports.  This  result  is  consistent  with
the  study  by  Nagy  et al.  However,  changes  in  ocean  freight  rates  influence
wheat prices and quantities  traded at U.S.  ports.  This  study  reveals  that
spring wheat price is  the  highest at  the  PNW  ports,  second highest at  the  Gulf
ports,  and  lowest  at  the  Great Lakes  ports.  However,  these  prices  depend  upon
ocean freight rates.  Spring  wheat  prices  are  more  sensitive  to  changes  in
ocean freight rates at Great Lakes  than other ports.  Decreases  in  ocean
freight rates at  the  Great Lakes  ports are most  beneficial  to  those  spring
wheat  farmers in  Minnesota and  the  Dakotas.
Changes in  ocean freight  rates also affect equilibrium prices  in
importing regions.  However,  the  changes in prices at U.S.  ports  are  much
greater than  those in  importing regions.  This  suggests  that  unstable  ocean
freight rates contribute greater uncertainty in  wheat prices to  U.S.  wheat
farmers  than  to  consumers  in  importing  regions.
iiSpatial  Equilibrium Analysis of the  U.S. Hard Red  Spring Wheat Industry
Under Alternative Transportation Rate  Structures
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Transportation  is  one of the  most  important factors affecting agricultural
trade between  the  United States  and  importing  countries.  Transportation provides
a  spatial  equilibrium condition  by  shipping a  commodity  from surplus  regions to
deficit  regions  and,  consequently, increases the  value of  the commodity.
However, transportation has  been  a  major problem faced  by  U.S.  farmers and  rural
communities for  the  last  few decades.
The availability of  transportation  services, coupled with the demand  for
those services,  has  resulted in  periods of shortages  in  transportation services
during the  1970s  and  surpluses in  the capacity in  the 1980s.  Escalating  energy
prices have  also  contributed to  increases in  transportation costs.  Finally,
recent  legislation such  as  the Staggers  Act  tends  to stimulate inter- and
intramodal  competition on  the  one  hand, but  it  tends  to aggravate  regional  and
temporal  transportation  rate differentials, resulting  in  greater uncertainty  in
farmers'  income.
Economic  impacts  of the  transportation problems are greater on  the U.S.
hard  red  spring  (HRS) wheat industry than  on  other grain  industries because major
spring wheat  producing  regions  are geographically isolated  from domestic
consuming  regions  and  export markets.  Most spring wheat  produced  in  the Upper
Great Plains  states is  shipped  to milling  centers  across  the U.S. and  to foreign
importing countries.  Approximately 65  percent  of the spring  wheat produced is
exported and  the  rest  is  shipped  to  domestic milling  centers,
Total  transportation activities in  shipping HRS wheat from producing
regions  to  final  destinations  could be  divided into two components:  (1)  domestic
transportation activities  from producing  regions to domestic  consuming  regions
and/or  export  ports,  and  (2)  ocean transportation  from export ports  to  foreign
importing  countries.  Numerous  studies (Fedeler, et  al.;  Koo;  Hansen) have
analyzed  the effects  of  various  levels of  transportation costs on  the domestic
transportation  system.  Little empirical  research,  however, has  been  conducted to
evaluate the  impacts  of changes in  ocean  freight  rates  on  spatial  equilibrium
conditions  for  the  U.S. spring wheat  industry.  Further, most empirical  studies
have concentrated on optimal  flows of grain  from producing  regions  to domestic
destinations and  foreign  importing countries under alternative transportation
rate  structures  rather than  identifying  the spatial  equilibrium condition.  The
objective  of this  study  is  to  evaluate the  impacts  of changing transportation
rates  on  the HRS wheat  trade and  distribution system.  A  spatial  emphasis is
given to wheat  prices at  U.S.  export  ports and  in  foreign importing  countries
under alternative  transportation  rate structures.
Methodology
The spatial  equilibrium model  utilized in this  study determines  the
equilibrium wheat  prices at  U.S.  ports,  equilibrium quantities of spring wheat
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traded,  and  optimal  trade  flows  under  alternative  transportation  rate
structures.  The  theoretical  presentation  of  the  spatial  equilibrium  model  is
explained  in  Figure  1.  The  diagram  shows  spatially  separated  importing  country
A and  exporting  country  B.  The  two  countries  are  joined  by  the  third  graph
representing  international  trade.
Exporting  country  (A) experiences  a  pre-trade  price  of  Px.  There  is  a
surplus  of  wheat  at  price  levels  above  Px.  The  export  supply  (ES)  in  Figure  1
is  derived  from  the  horizontal  distance  between  domestic  supply  and  demand  above
Px  in  country  A.  Similarly,  the  import  demand  curve  is  derived  from  the
horizontal  distance  between  domestic  supply  and  demand  below  PI  (Figure  1).  The
pre-trade  price  in  the  importing  country  is  PI.
The  intersection  of  the  export  supply  and  import  demand  curves  yields
the  equilibrium  price  and  quantity  in  international  wheat  trade.  PE  is  the
equilibrium  price  in  both  countries,  and  QT  represents  the  amount  of  wheat
traded  between  exporting  country  A and  importing  country  B.
Transportation  costs  are  incorporated  by  line  segment  l'E in  Figure  1.
These  costs  result  in  a  price  increase  in  importing  country  B from  PE  to  PI
and  the  quantity  imported  declines  from  CD  to  GH.  Exporting  country  A
experiences  a wheat  price  decline  from  PE  to  Px  and  quantity  traded  falls  from
AB  to  JI.
The  burden  of  increasing  transportation  rates  in  the  importing  country
and  that  of  a decreasing  rate  in  the  exporting  country  are  dependent  upon  the
elasticities  of  the  export  supply  and  import  demand  curves.  The  burden  of
transportation  costs  borne  by  consumers  in  the  importing  country  and  that  paid
by  producers  in  the  exporting  country  can  be  mathematically  expressed  as  a
function  of  the  price  elasticities  of  export  supply  and  import  demand  for  a
commodity.  The  elasticity  of  the  import  demand  curve  at  point  E in  Figure  1 is
ed  =  AQ  . P  =  Qt  . Peo  (1)
d  Q  AP  OQ  st
Qt  =  ledi  st  (2)
OQt  PeO
where:  s  = a fraction  of  the  total  transportation  cost  paid  by  consumers  in
the  importing  county;
t  = the  total  transportation  cost
The  export  supply  curve  elasticity  at  point  F is
=  AO  . P  ,  aO  x  PEO  (3)
s  Q-  P  '  P  (1l-s)t
Substituting  Equation  2  into  3  yields:
es  =  ledl  st  . Pe0   (4)
pe  (1l-s)tPri
0  Quantity
opxE  rt  i  ng  Country  ( 
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Equation  4,  therefore,  can  be  rewritten  as
s  =  es  (5)
1-s  ledi
Equation  5 can  be  solved  for  a fraction  of  the  transportation  costs  paid  by
consumers  in  the  importing  country  (s)  and  that  paid  by  producers  in  the
exporting  country  (1-s)  as  follows:
s=  es  (6)
ledl  +  es
1-s  =  ed  (7)
led I +  es
Hence,  changes  in  wheat  prices  at  exporting  and  importing  countries  can  be
calculated  by  multiplying  the  fractions  estimated  in  Equations  6  and  7 by  the
transportation  cost  (t)  in  Equations  8  and  9,  respectively.
Pp  est  (8)
PE  - led  + es
P P  ledit  (9) E   ledl  +  es
When  several  importing  countries  trade  with  one  exporting  country,  the
relationship  shown  in  Equations  8 and  9 among  countries  can  be  quantified  by
using  a  nonlinear  programming  model.
Nonlinear  programming  consists  of  variables  raised  to  powers  greater
than  one.  The  nonlinear  objective  function  is  stated  to  either  minimize  or
maximize,  subject  to  a  set  of  linear  constraints.  The  general  format  for  a
maximization  problem  in  nonlinear  programming  is  expressed  as
maximize  r =  f(xj)  (10)
subject  to  gi(xj)  <  ri  (i  =  1,  2,  . .. ,  M)  (11)
and  xj  0  (12)
where  f(xj)  is  the  nonlinear  objective  function  with  a  set  of m constraints.
The  ri  denotes  the  numeric  value  in  the  ith  constraint  equation.  The  functions
f(xj)  and  gi(xj)  are  assumed  to  be  differentiable.
The  functions  are  normally  expressed  in  Lagrangean  form  as  follows:
L(x,x)  =  f(x)  +  E xi  (ri  - gi(xj)  +  Si)  (13)
xj  >  0  and  Si  >  0- 5-
The  first  order  condition,  known  as  the  Kuhn-Tucker  conditions  are
L,  <  0,  Xj  >  0  and  Xj  3L  =  0
3Xj  3Xj
8  < 0,  xi  >  0 and  Xi  3L  = 0
aXi  Xi  (14)
A quadradic  programming  model  is  a subset  of  a nonlinear  programming
model.  A quadradic  programming  model  can  be  applied  to  identify  the  spatial
equilibrium  condition  based  on  linear  export  supply  and  import  demand  functions.
One  of  the  criteria  in  formulating  a quadradic  programming  model  is  to  maximize
the  net  social  payoff  which  is  the  sum  of  net  exporter's  and  importer's
benefits.  The  exporter's  benefits  are  area  JIEx  equivalent  to  area  PxPxFin
Figure  1  and  the  importer's  benefits  are  area  GHEI  equivalent  to  area  PIPIE.
Consequently,  net  social  payoff  can  be  calculated  by  integrating  export  supply
and  import  demand  functions  with  respect  to  price  as  follows:
Pj  P
W  =  ;  SjdPj  +  E f *  didPi  - E E tijXij  (15)
j  0  1  Pi  i  j
where:
j  = index  for  exporting  regions
i  = index  for  importing  regions
Sj  =  ao  + aiPj  (export  supply  function  in  the  jth  supply  region)
Di  =  bo  - blPi  (import  demand  function  in  the  ith  import  region)
*P
Pj  = Equilibrium  price  in  the  jth  supply  region
*
Pi  =  Equilibrium  price  in  the  ith  importing  region
P  =  bo/b 1  (intercept  term)
tij  = transportation  cost  of  shipping  one  unit  of  commodity  from  the  jth
supply  region  to  the  ith  importing  region
Xij  =  total  quantity  shipped  from  the  jth  supply  region  to  the  ith
importing  region
This  objective  function  is  subject  to  the  following  constraints:
ao  +  alPj  =  E  Xij  (16)
i=1
bo  - blPi  =  E  Xij  (17)
j=1
Pi  - Pj  < tij (18)where  Equations  16  and  17  represent  equilibrium  conditions  in  importing  and
exporting  regions,  respectively.  Equation  18  satisfies  the  Kuhn-Tucker
condition  for  an  optimality  (Takayama  and  Judge).
Presentation  of  the  Model
A quadratic  programming  model  is  used  for  this  study  to  evaluate  spatial
equilibrium  conditions  for  the  U.S.  spring  wheat  industry  under  alternative
transportation  rate  structures.  Criterion  of  the  model  is  to  maximize  net
social  pay-off,  which  is  the  sum  of  social  benefits  for  U.S.  farmers  and  foreign
importers  less  transportation  costs.
The  model  has  19  domestic  producing  regions  (Figure  2),  13  domestic
consuming  regions  (Figure  3),  3 export  port  locations  and  7  foreign  importing
regions.  The  model  is  annual  in  nature  and  considers  only  hard  red  spring
wheat.  The  modes  of  transportation  used  are  rail,  truck,  barge,  laker,  and
ocean  vessels.
The  model  incorporates  an  export  supply  equation  for  each  U.S.  export
port.  Domestic  producing  regions  are  linked  to  export  ports  through
transportation  activities  in  shipping  wheat  from  producing  regions  to  export
ports.  Similarly,  import  demand  equations  in  each  importing  region  are
incorporated  and  linked  to  U.S.  export  ports  through  ocean  transportation
activities  in  the  model.
The  objective  function  of  the  quadratic  programming  model  is  to  maximize
net  social  pay-off.  The  model  is  expressed  mathematically  in  the  following
equation:
3  p  5  Pm
f(P)  =  E~  n(  n +  anPn)  dPn  +  z  I  (Ym  - BmPm)  dPm
n=lo  m=lp*
m
19  13  19  3  3  5
- E  CijXij  - Z  E  CinXin  - E  E  CnmXnm  (19)
i=1  j=1  i=1  n=1  n=1  m=l
This  objective  function  is  subject  to  the  following  constraints:
Ym  =  mPm  +  EXnm  (demand)  (20)
n
-Xn =  onPn  - CXnm  (supply)  (21)
m
Pm  - Pn  <  Tnm  (22)
p  13  3
Si  >  E  Xij  +  E  Xin  i  =  1,  2,  3  . . . 19  (23)
j=1  n=lproducing  region
Figure  2.  Location  of  Producing  Regions
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Figure 3. Location of Domestic Comsuming Regions-9
m  13  3
Si  <  +  Xij  +  Xin  i  =  1,  2,  3  . . 19  (24)
j=1  n=1
19
j  <  Xij  j  = 1,  2,  3 . . . 13  (25)
1i=1
19  7
E  Xin  - Xnm  =  (26)
i=1  m=l
u  3
Dm  <  E  Xnm  m =  1,  2,  3  . . 5  (27)
n=1
L  3
Dm  E  Xnm  m = 1,  2,  3  . . . 5  (28)
n=1
Pn,  Pm,  Xij,  Xin,  Xnm > 0
where:  Pm  = intercept  of  import  demand  curve  on  the  price  axis  YTml
Lm]
Pm  = equilibrium  price  at  importing  region  m
Pn  = equilibrium  price  at  U.S.  export  region  n
Ym  = intercept  term  of  import  demand  equation
Bm  = slope  term  of  import  demand  equation
Pm  = price  in  importing  country
Xn  = intercept  term  of  excess  supply  function
Yn  = slope  term  of  excess  supply  function
P = price  in  the  export  port
i  = index  for  domestic  producing  region
j  =  index  for  domestic  consuming  region
n  =  index  for  export  location
m =  index  for  foreign  importing  country
P
Si  =  total  quantity  of  wheat  available  from  the  ith  producing
region- 10  -
m
Si  = the  minimum  quantity  required  to  be  supplied  by  the  ith
producing  region
Dj  =  quantity  of  wheat  required  in  the  jth  consuming  region
Du  =  upper  limit  of  the  quantity  of  wheat  required  in  the  mth  importing
m  region
L
Dm  =  the  minimum  quantity  of  wheat  required  in  the  mth  importing
region
Xij  = the  quantity  of  wheat  shipped  from  the  ith  producing  region  to  the
jth domestic  consuming  region
Xnm  = the  quantity  of  wheat  shipped  from  the  nth  export  port  location  to
the  mth  importing  country
Xinm  = the  quantity  of  wheat  shipped  from  the  ith  producing  region,
through  port  N to  the  mth  foreign  importing  country
Cin  = transportation  cost  from  the  ith  producing  region  to  the  nth
export  port  location
Cnm  = transportation  cost  from  the  nth  export  port  location  to  the  mth
foreign  importing  country
Cij  = transportation  cost  associated  with  shipping  wheat  from  the  ith
producing  region  to  the  jth  consuming  region
The  first  integral  in  Equation  19  represents  social  pay-off  associated
with  export  supply  equations  for  the  three  export  ports.  The  second  integral
represents  social  pay-off  associated  with  import  demand  functions  for  the  five
importing  countries.  The  export  supply  and  import  demand  equations  are
estimated  in  linear  form  to  conform  to  the  quadratic  programming
specifications.  The  final  three  components  of  the  objective  function  represent
the  total  transportation  costs.  The  first  summation  is  transportation  costs
from  producing  region  to  domestic  consuming  region.  Transport  costs  from  the
producing  region  to  the  export  port  location  are  identified  by  the  second
summation.  The  last  item  in  the  objective  function  accounts  for  the  transport
costs  from  export  port  to  the  importing  countries.
The  objective  function  is  subject  to  nine  linear  constraints.  Equations
20  and  21  are  the  constraints  that  allow  for  the  interaction  of  supply  and
demand  in  determining  equilibrium  prices  and  quantities.  Equation  22  is  the
first  order  condition  for  optimality  which  satisfies  the  Kuhn-Tucker  condition.
For  trade  to  exist,  the  wheat  price  in  the  importing  region  minus  the  price  in
exporting  regions  must  be  equal  to  or  greater  than  the  transport  rate.  No  trade
occurs  if  the  price  differential  is  less  than  transport  charges.  Equation  23
shows  that  the  total  amount  of  wheat  shipped  to  the  domestic  consuming  regions
and  export  ports  must  be  less  than  or  equal  to  the-total  wheat  available  in  the
19  producing  regions.  Equation  24  is  a minimum  wheat  shipment  constraint  that
shows  that  a minimum  amount  of  wheat  must  be  shipped  to  domestic  and  foreign
regions.  Equation  25  is  a  domestic  demand  constraint.  The  total  grain
required  by  domestic  consuming  regions  must  be  less  than  the  total  grain
supplied  by  the  19  producing  regions.  Equations  26  and  27  form  upper  and  lower- 11
boundaries  for  the import  demand  in  foreign  importing countries.  Equation 28
is the  inventory clearing condition  at  U.S.  ports,  indicating that the  total
grain  received  by  ports must  equal  the  total  quantity shipped  from the ports.
Alternative Empirical  Models
The major focus  of  this  study is  to  evaluate the  impact of ocean  freight
rates  on  the  spring wheat marketing  system.  However, domestic modes of
transportation  are  briefly analyzed  to  determine the  impacts  of  rate changes on
the  total  transportation cost  and  flow of the commodity.
Model  1 is the base  model  for the study.  This model  represents a
simulation  of the spring  wheat industry for  the 1981-82  crop year.  All
subsequent models are compared  to  the base model.
Models  2-5 are based  on  10  and  20 percent increases  and decreases  in
rail  rates.  Models  6-9  present  results  for  10  and  20  percent  increases  and
reductions  in  barge  costs.  Models  10-13  analyze  similar  changes  in  truck
costs.
The effects  of changes  in  ocean rates  on  spring wheat marketing are
analyzed  for  10,  30,  and  50  percent  increases  and decreases in  Models  14-19.
The spring  wheat industry  was  simulated  by increases  and  reductions  in  grain
rates  at  the three U.S.  export  ports.  Models  20-25 represent  increases  and
decreases  of 10,  20,  and  30  percent in  ocean  rates  at Duluth.  Models  26-37
represent  increases  and decreases  of 10  and  30  percent  for  the two  export ports
of  the Gulf  and  PNW.
An  evaluation of  the impacts  of both transportation cost  increases  and
decreases on  the  spring wheat marketing system is  important.  The different
modes  are analyzed within  this  structure  to more fully  understand  economic
costs  and benefits  of  various levels of  transportation costs.  The base  and
alternative models  are  shown  in  Table 1.
Data Collection
Data  used  for  the model  are demand  for wheat  in  domestic consuming
regions,  supply of wheat  in  producing  regions,  and  transportation costs  in
shipping wheat  from  producing  regions  to  domestic consuming and  foreign
importing  regions.  In  addition,  the model  incorporates  export  supply  equations
at  U.S. export  ports  and  import  demand equations in  importing  regions.
Estimated Export  Supply  and Import  Demand Equations
Export  supply functions  for  HRS  wheat were estimated for  three export
ports:  Duluth-Superior, Pacific Northwest  (PNW),  and  the Gulf.  Export  supply
equations  are derived  from  export supply  elasticities  of U.S. wheat at  average
export quantity  and  price levels.  Export  supply  elasticity is obtained  from
price  elasticities of domestic demand  (ed)  and  domestic supply  (es)  as
follows:- 12  -
TABLE 1. DESCRIPTION OF  THE  BASE AND ALTERNATIVE MODELS
Model Description













































































































ex  = Qs  e
Qe
Base  for  1981/82 crop years
10  percent increase in  rail  rates
20  percent increase in  rail  rates
10  percent decrease in  rail  rates
20  percent decrease in  rail  rates
10  percent  increase in  barge costs
20  percent  increase in  barge costs
10 percent decrease in  barge costs
20  percent  decrease in  barge costs
10 percent  increase in  truck  costs
20  percent  increase in  truck  costs
10  percent decrease in  truck  costs
20  percent decrease in  truck  costs
10  percent increase in  all  ocean freight  rates
30  percent  increase in  all  ocean freinht  rates
50  percent increase in  all  ocean freight  rates
10 percent decrease in  all  ocean freight  rates
30  percent decrease in  all  ocean  freight  rates
50  percent decrease in  all  ocean  freight  rates
10  percent  increase in  ocean  rates  at Duluth
20  percent  increase in  ocean  rates  at  Duluth
30  percent  increase in  ocean  rates  at  Duluth
10 percent decrease in  ocean  rates  at  Duluth
20  percent decrease in  ocean  rates  at  Duluth
30  percent  decrease  in  ocean  rates  at  Duluth
10  percent  increase  in  ocean  rates  at  the  Gulf
20  percent  increase  in  ocean  rates  at  the  Gulf
30  percent  increase  in  ocean  rates  at  the  Gulf
10  percent  decrease  in  ocean  rates  at  the  Gulf
20  percent  decrease  in  ocean  rates  at  the  Gulf
30  percent  decrease  in  ocean  rates  at  the  Gulf
10  percent  increase  in  ocean  rates  at  the  PNW
20  percent  increase  in  ocean  rates  at  the  PNW
30  percent  increase  in  ocean  rates  at  the  PNW
10  percent  decrease  in  ocean  rates  at  the  PNW
20  percent decrease in  ocean  rates  at  the  PNW
30  percent decrease in  ocean  rates  at  the  PNW
+  Qd  ledl
Qe
(29)
where  Os  is  the  total  quantity  of  wheat  supplied,,Qe  is  the total  quantity of
wheat  exported  and  Od is  the total  quantity of wheat  domestically consumed.
Quantities of  wheat supplied,  exported, and demanded  are three-year averages
(1980-82) of the data obtained  from Grain Marketing  News  (U.S. Department of
Agriculture).  Price  elasticities of  domestic demand  and  supply  of wheat are
obtained  from  the supply  and  demand  functions  empirically estimated  from
_
_  __  __  _ _  ;  ·_  I_
~  _  _  _  __  _  L I_  __ _  I- 13  -
time  series  data  for  1961  to  1980  (Koo).  The  estimated  price  elasticities  are
0.218  for  domestic  supply  and  -0.595  for  domestic  demand.  Finally,  export
supply  elasticity  estimated  from  Equation  29  is  0.99.  The  1981  estimated
export  supply  equations  for  HRS  wheat  at  U.S.  ports  are  shown  in  Table  2.
TABLE  2.  SHORT-RUN EXPORT SUPPLY FUNCTIONS FOR  U.S. PORTS
U.S.  Port  Equationa
1.  Pacific  Northwest  Q = 18,480  +  11,168.38P
2.  Gulf  Ports  0  =  11,153  +  7,173.02P
3.  Duluth-Superior  Q =  8,881.25  +  6,295.42P
aQ  is  the  total  quantity  of  wheat  exported,  P is  average
price  at  each  export  port.
Import  demand  equations  for  HRS  wheat  are  derived  from  import  demand
elasticities  at  averane  import  quantity  and  price  levels  in  importing  regions.
Import  demand  elasticity  (em)  for  spring  wheat  is  obtained  from  price
elasticities  of  dometic  demand  (ed)  and  domestic  supply  (es)  in  importing
regions  as  follows:
en  =  Qd  ledl  +  Qs  es  (30)
Qm  Qm
where  Qm  is  the  total  quantity  of  wheat  imported,  and  other  variables  are
previously  defined.  It  is  assumed  that  price elasticities  of  domestic  supply
(es)  are  completely  inelastic  in  importing  regions  (Shei  and  Thompson).  Price
elasticity  of  import  demand  is,  therefore,  calculated  with  the  first term  on
the  right  hand  side  of  Equation  30.  Domestic  consumption  and  imports  are
averaged  over  a  three-year  period  (1980-82)  in  each  importing  region.  Data  for
domestic  consumption  and  imports  in  importing  regions  were  obtained  from  the
World  Wheat  Statistics  (International  Wheat  Council).  Price  elasticities  of
domestic  demand  for  wheat  in  importing  regions  were  taken  from  a  study  by  Rojko
et  al.  The  estimated  import  demand  elasticities  for  U.S.  wheat  are  -0.386  in
Japan,  -0.415  in  Africa,  -0.678  in  South  Asia,  -1.975  in  Western  Europe,  -1.286
in  Central  America,  -0.366  in  the  Middle  East,  and  -0.313  in  South  America.  The
estimated  import  demands  are  shown  in  Table  3.
Domestic  Demand  and  Supply
Supply  and  demand  for  HRS  wheat  used  in  the  model  is  a three-year  average
of  the  data  from  1980  to  1982.  Supply  of  wheat  in  each  producing  region  is  the
sum  of  actual  production  and  carryover  stocks  minus  quantity  of  wheat  used
on-farm.  The  average  on-  and  off-farm  stock  for  all  classes  of  wheat  was
51,883,996  metric  tons.  Spring  wheat  production  was  18.2  percent  of  all  classes- 14  -
TABLE 3.  SHORT-RUN  IMPORT DEMAND  EQUATIONS  IN IMPORTING REGIONS
Region  Equationa
1.  Japan  Q =  1,343,290  - 1,646.97P
2.  Africa  Q =  216,441  - 309.29P
3.  Asia  0  =  1,951,578  - 3,469.31P
4.  Europe  Q =  3,516,305  - 11,375.05P
5.  Central  America  Q =  1,134,280  - 3,164.58P
6.  Middle  East  0  =  701,945  - 916.14P
7.  South  America  0  =  732,205  - 866.01P
aQ  is  the  total  quantity  of  wheat  imported  in  metric
average  price  of  wheat  in  each  importing  region,
ton,  P  is  weighted
of wheat  production.  It  was  assumed  that spring wheat  stocks  by states  are in
the  same proportion  as  that  of spring  wheat production.  Spring wheat  stocks  for
the  United  States were 9,440,842 metric tons.  This  value was multiplied  by each
state's proportion  of total  spring  wheat production.  The spring wheat  stocks
for each  region are  in  column 2 of Table 4.
TABLE 4.  HARD  RED  SPRING WHEAT PRODUCING REGIONS
Producing  1  2  3  4
Region Centers  Production  Stocks  Seed  Use  Available Supply
------------------- metric  tons-------------------
1.  Crookston,  MN  1,591,485  1,080,074  54,837  2,616,727
2.  Detroit  Lakes,  MN  752,760  509,003  25,842  1,235,921
3.  Morris,  MN  712,350  484,173  24,582  1,171,941
4.  Marshall,  MN  603,167  409,685  20,800  992,052
5.  Brookings,  SD  548,575  373,983  34,499  888,059
6.  Rapid  City,  SD  888,405  605,031  55,813  1,437,623
7.  Joliette,  ND  1,107,673  753,809  54,641  1,806,841
8.  Fargo,  ND  916,075  622,076  45,092  1,493,059
9.  Wyndmere,  ND  736,861  501,320  36,339  1,201,842
10.  Carrington,  ND  1,429,905  977,025  70,821  2,336,109
11.  Dickinson,  ND  1,181,835  805,039  58,354  1,928,520
12.  Denver,  CO  150,556  101,016  2,181  249,391
13.  Pocatello,  ID  793,942  551,817  18,184  1,327,575
14.  Grangeville,  ID  134,107  94,800  3,103  225,884
15.  Bend,  OR  113,761  77,415  4,125  187,051
16.  Wenatchee,  WA  191,597  130,284  8,250  313,631
17.  Great  Falls,  MT  1,142,949  777,547  60,827  1,859,669
18.  Billings,  MT  66,972  45,580  3,566  108,986
19.  Miles  City,  MT  764,294  518,811  40,586  1,242,519
Total  13,827,269  9,418,573  622,442  22,623,400- 15  -
The seed  use  in  each  production  region  was  based  on  that  region's
proportion  of  total  planted  acres.  The  seed  required  for  planting  all  classes
of  wheat  in  1981  was  112  million  bushels.  Of  all  classes  of  wheat,  20.5
percent  was seeded  to  spring  wheat.  The seed  required  for  hard  red  spring
wheat  planting was 22,964,611  bushels.  The quantity  of seed  was allocated to
each state  based  upon  its proportion  of  planted  acres  to  the total  acres.  The
seed  use  per  region  is  in  column 3  of  Table 4.  The  total  supply  shown  in
column 4  of Table 4  forms  the upper supply  constraint  in  the model.  The
minimum quantities  of spring  wheat that must  be  shipped  are  shown  in  Table 5.
TABLE 5.  MINIMUM SHIPMENTS FROM PRODUCING REGIONS
Center, State  Minimum Sales  (%)  Minimum Sales
1.  Crookston,  MN  93.8  1,492,813
2.  Detroit  Lakes,  MN  93.8  706,089
3.  Morris,  MN  93.8  668,184
4.  Marshall,  MN  93.8  565,771
5.  Brookings,  SD  95.1  521,695
6.  Rapid  City,  SD  95.1  844,873
7.  Joliette,  ND  96.0  1,063,366
8.  Fargo,  ND  96.0  879,432
9.  Wyndmere,  ND  96.0  707,386
10.  Carrington,  ND  96.0  1,372,709
11.  Dickinson,  ND  96.0  1,134,562
12.  Denver,  CO  86.4  130,080
13.  Pocatello,  ID  90.0  714,548
14.  Grangeville,  ID  90.0  120,696
15.  Bend,  OR  84.2  95,787
16.  Wenatchee,  WA  89.8  172,054
17.  Great  Falls,  MT  94.6  1,081,230
18.  Billings,  MT  94.6  63,356
19.  Miles  City,  MT  94.6  723,022
--  13,057,653
Minimum  shipment of wheat  in  each  producing  region  is  the  result of  a
minimum  sales  percentage  from each  region  times total  surplus wheat  (column 4,
Table 4).  The  first  step in  calculating  the minimum  sales  percentage is  to
divide the dollar value of wheat  sales  from  each  state  by the  average  annual
wheat  price.  This  yields the bushels  of wheat  sold  for the year.  That  amount
is  divided  by  actual  production  for  the year and  this minimum  sales  percentage
is  used  to  calculate the minimum shipment  from  each  region.  The same
methodology was used  by Koo.
The United States  is divided  into  13 domestic  processing  centers.
Milling  centers  in  26  states  process  hard  red  spring  wheat.  Table 7 identifies
these  states,  the  percent  of  HRS  wheat milled,  and  the bushels  of wheat milled
per year.
The 13  processing  centers  are  displayed  in Figure 2.  Table 6 presents
the  annual  quantity demanded by milling  regions.- 16  -
TABLE 6.  DOMESTIC CONSUMPTION REGION CONSTRAINTS
CR  Center,  State  Bushels  Metric  Tons
1  New  Orleans,  Louisiana  1,077,780  29,341
2  Jacksonville,  Florida  2,341,520  64,016
3  Knoxville,  Tennessee  4,765,747  129,739
4  Buffalo,  New  York  61,027,808  1,661,374
5  Chicago,  Illinois  6,475,825  176,293
6  Kansas  City,  Missouri  5,549,815  151,084
7  Des  Moines,  Iowa  1,466,042  39,910
8  Minneapolis,  Minnesota  64,556,612  1,757,440
9  Grand  Forks,  North  Dakota  4,866,340  132,477
10  Great  Falls,  Montana  4,409,100  120,030
11  Denver,  Colorado  2,930,582  79,780
12  Los  Angeles,  California  5,610,988  152,749
13  Seattle,  Washington  2,905,107  79,086
Total  4,573,319
SOURCE:  Smaaladen  (1982).
Transportation  Costs
Transportation  costs  for  rail,  truck,  and  barge  are  estimated  on  the
basis  of  information  obtained  from  industrial  sources.  The  estimation
procedure  of  the  costs  is  detailed  in  a study  by  Koo  and  Thompson.
Ocean  freight  rates  between  U.S.  ports  and  foreign  importing  regions
were  obtained  from  Chartering  Annual,  1981  (Maritime  Research,  Inc.).  Ocean
freight  rates  vary  over  time,  depending  upon  travel  distance,  volume  shipped,
size  of  ship,  and  characteristics  associated  with  origin  and  destination.  The
ocean  freight  rates  used  in  this  study  are  average  rates  of  all  shipment  rates
in  1981  for  wheat  from  U.S.  ports  to  foreign  importing  regions.  Table  8  shows
calculated  ocean  freight  rates  for  wheat  between  U.S.  ports  and  foreign
importing  regions.  All  U.S.  ports  are  categorized  into  three  areas:  Gulf,
West  Coast,  and  Great  Lakes.  All  export  ports  in  the  same  area  have  the  same
rates.
Empirical  Results
The  impacts  of  changes  in  the  transportation  rate  structure  on  the  U.S.
HRS  wheat  marketing  system  are  analyzed  on  the  basis  of  Models  1 through  37.
Model  1  is  the  base  model  with  the  1981  transportation  rate  structure.  Models  2
through  13  are  compared  with  the  base  model  to  evaluate  impacts  of  changes  in
domestic  transportation  rates  on  the  HRS  wheat  distribution  system.  The
interdependency  between  ocean  freight  rate  and  spatial  equilibrium  for  spring
wheat  is  analyzed  with  Models  14  through  37.- 17
TABLE 7.  ESTIMATION  OF SPRING WHEAT MILLING  BY  STATE
Hard Wheat  Percent
Flour  of  Number
Milling  HRS Wheat  Operating  Wheat
State  Capacitya  Milled  Days  Factorb  Equiv.
--- cwt.--  -- bushels--
AL  8,800  15  284  97.98  862,224
CA  42,950  20  284  130.64  5,610,988
CO  12,000  15  284  97.98  1,175,760
FL  15,200  15  284  97.98  1,489,296
IL  28,660  15  284  97.98  2,808,107
IN  19,500  15  284  97.98  1,910,610
IA  11,100  15  284  97.98  1,087,578
KS  112,650  2  306  14.08  1,585,661
LA  11,000  15  284  97.98  1,077,780
MI  3,400  15  284  97.98  333,132
MN  91,740  100  306  703.80  64,556,612
MO  56,948  2  306  14.08  1,585,661
MT  13,500  50  284  326.60  4,409,100
NE  28,970  2  284  13.06  378,464
NJ  6,200  15  284  97.98  607,476
NY  92,600  90  306  633.42  58,656,692
NC  17,540  15  284  97.98  1,718,569
ND  7,000  100  284  653.20  4,572,400
OH  10,900  20  284  130.64  1,423,976
OR  12,600  15  284  97.98  1,234,548
PA  13,500  20  284  32.66  1,763,640
SD  3,000  15  284  97.98  293,940
TN  18,500  15  284  97.98  1,812,630
UT  17,910  15  284  97.98  1,754,822
VA  12,600  15  284  97.98  1,234,548
WA  17,050  15  284  97.98  1,670,559
TOTAL  167,771,294
aExcludes  soft wheat  flour, durum, and  rye milling capacity.
bFactor  equals 2.3 x (percent of  HRS milled) x (no. of  operating days).
One  cwt.  of flour =  2.3  bushels of wheat.
SOURCE:  Milling and  Grain Directory:  1981  (1980).
Spring  Wheat Marketing System  Under
Alternative Domestic Transportation  Rate Structure
Modal  Share
Total  quantity of  HRS wheat  traded in both domestic  and  export markets
is 9.438 million  metric tons  (Table 9).  Proportions of wheat  shipped  by  rail,- 18  -
TABLE 8.  1981  OCEAN  FREIGHT  RATES  PER METRIC  TON FOR  SELECTED ROUTES
Ports
Importing  Regions  West  Coast  Gulf  Great  Lakes
------------------- dollars------------------
1.  Japan  14.70  24.83  --
2. Africa  --  47.63  46.25
3. Southeast  Asia  32.03  32.87  --
4. Europe  --  12.97  27.29
5. Central  America  --  20.73  33.25
6. Middle East  36.30  36.34  36.69
7. South  America  --  20.73  33.25
SOURCE:  Maritime Research  Inc.,
York.
TABLE 9.  ESTIMATED QUANTITIES  OF
MARKETS  BY  MODE
1981  Chartering Annual,  New York,  New
SPRING WHEAT  SHIPPED TO  DOMESTIC AND  EXPORT
Mode
Model  Rail  Barge  Truck
- ------- 000  metric  tons----------
1.  Base  Model  4,207  3,765  1,466
2.  10%  Increase  Rail  Rate  3,415  3,891  2,132
3.  20% Increase  Rail  Rate  1,409  4,255  2,773
4.  10%  Decrease  Rail  Rate  5,589  2,888  661
5.  20% Decrease  Rail  Rate  5,826  3,251  661
6.  10%  Increase  Barge  Rate  4,721  3,251  1,466
7.  20%  Increase  Barge  Rate  4,721  3,251  1,466
8.  10%  Decrease  Barge  Rate  3,736  3,891  1,811
9.  20% Decrease  Barge  Rate  3,372  4,255  1,811
10.  10%  Increase  Truck  Rate  4,530  3,765  1,143
11.  20% Increase  Truck  Rate  4,940  3,736  661
12.  10%  Decrease  Truck  Rate  3,415  3,891  2,618
13.  20%  Decrease  Truck  Rate  2,330  3,891  3,217
barge,  and  truck  are  45,  40,  and  15  percent,  respectively.  However,  the  modal
share  depends  upon  relative  changes  in  transportation  rates.  Changes  in  rail
rates  are  inversely  related  to  quantities  of  wheat  shipped  by  rail  and  result
in  changes  in  quantities  of  wheat  shipped  by  barge  and  truck  in  the  same
direction.  This  indicates  that  barge  and  truck  are  good  substitutes  for  rail
in  shipping  wheat  from  producing  regions  to  final  domestic  destinations.  The
relationships  are  greater  with  increases  in  rail  rates  than  with  decreases  in
rail  rates.  Especially  when  rail  rates  are  decreased  by  more  than  10  percent,
total  quantities  shipped  by  each  mode  of  transportation  are  not  sensitive  to
the  changes  in  rail  rates.- 19  -
Changes  in  barge  rates  result  in  similar  impacts  to  changes  in  rail
rates  on  total  quantities  of wheat shipped  by  barge and  rail.  However, the
changes  in  quantities  are much  smaller  with changes in  barge rates  than  with
changes  in  rail  rates.  Quantities  of wheat shipped  by truck  remain  unchanged
with  changes  in  barge  rates.  This  implies  that  barge can  be  substituted  for
rail  but  not  for truck in  shipping wheat  from  producing regions  to  final
destinations.
Changes in  truck  rates  result  in  changes  in  quantities  of wheat shipped
by truck  in  the  opposite direction  and changes  in  quantities  of  wheat  shipped
by  rail  in  the  sa me  direction.  Quantities  of wheat  shipped by barge remain
unchanged  with changes  in  truck  rates.  This  indicates  that truck  can be
substituted  for  rail  but  not  for barge.  This  relationship is  consistent to
that associated  with changes  in  barge  rates.
The modal  shares  for  spring wheat  shipments  to domestic milling  centers
are  28.5 percent  for  rail,  46.2 percent  for  barge, and  the  remaining  25.2
percent  for truck  in  the base model  (Table 10).  Barge  shipments  are the
largest  because  the  laker shipments  from Duluth to Buffalo are considered as
barge movements.  Over one-half of  the total  quantity shipped  by  barge goes to
Buffalo via  laker.
TABLE 10.  ESTIMATED  QUANTITIES
BY  MODE
OF  SPRING WHEAT SHIPPED TO DOMESTIC MARKETS
Mode
Model  Rail  Barge  Truck
--------- 000  metric  tons----------
1.  Base  Model  1,305  2,114  1,153
2.  10%  Increase  Rail  Rate  639  2,114  1,819
3.  20%  Increase  Rail  Rate  152  2,114  2,305
4.  10%  Decrease  Rail  Rate  2,115  2,109  348
5.  20%  Decrease  Rail  Rate  2,115  2,109  348
6.  10%  Increase  Barge  Rate  1,310  2,109  1,153
7.  20%  Increase  Barge  Rate  1,310  2,109  1,153
8.  10% Decrease  Barge  Rate  960  2,114  1,498
9.  20% Decrease  Barge  Rate  960  2,114  1,498
10.  10%  Increase  Truck  Rate  1,628  2,114  830
11.  20%  Increase  Truck  Rate  2,109  2,114  348
12.  10% Decrease  Truck  Rate  639  2,114  1,819
13.  20% Decrease  Truck  Rate  152  2,114  2,305
Quantities  of  wheat  shipped  from  producing  regions  to  domestic  milling
centers  by  barge  remain  unchanged  with  changes  in  rail,  barge,  and  truck  rates.
This  indicates  that  demand  for  barge  services  for  domestic  shipments  of  wheat
is  not  sensitive  to  transportation  rates  at  the  given  range  of  rate  changes.
However,  rail  and  truck  are  good  substitutes  for  shipments  of  spring  wheat  to
domestic  milling  centers.- 20  -
Railroads play a  major  role in  shipping  spring wheat  from  producing
regions  to  export  ports.  In  the base model  the modal  shares  for  spring wheat
shipments are 59.6 percent  for  rail,  34.0  percent for  barge, and  6.4  percent
for  truck  (Table 11).  In  contrast to the quantities  shipped  to domestic
milling  centers,  rail  and  barge are good  substitutes  for  each  other  for spring
wheat  shipments  to  export  ports while quantities  shipped  by truck remain
unchanged.
TABLE  11.  ESTIMATED QUANTITIES
MODE
OF  SPRING WHEAT SHIPPED TO  EXPORT MARKETS BY
Mode
Model  Rail  Barge  Truck
...----  ---  000  metric  tons---  -----
1.  Base  Model  2,902  1,651  313
2.  10% Increase  Rail  Rate  2,776  1,777  313
3.  20%  Increase  Rail  Rate  1,257  2,141  468
4.  10%  Decrease  Rail  Rate  3,774  779  313
5.  20% Decrease  Rail  Rate  3,411  1,142  313
6.  10%  Increase  Barge  Rate  3,411  1,142  313
7.  20% Increase  Barge  Rate  3,411  1,142  313
8.  10%  Decrease  Barge  Rate  2,776  1,777  313
9.  20% Decrease  Barge  Rate  2,412  2,141  313
10.  10%  Increase  Truck  Rate  2,902  1,651  313
11.  20%  Increase  Truck  Rate  2,831  1,722  313
12.  10% Decrease  Truck  Rate  2,776  1,777  313
13.  20% Decrease  Truck  Rate  2,178  1,773  912
Transportation  Costs
The base model  estimates $206.28 million  to be the total  cost  to
transport 9.4 million metric tons  of  spring wheat  (Table 12).  Approximately 55
percent  of the total  transportation  cost is  for shipments of  spring wheat  from
producing  regions  to  export  ports  and  the  remainder is  for  shipments to domestic
milling  centers.  The transportation costs for  shipments  to  export  ports are
greater than  the costs  to  domestic milling  centers because of greater distance
and  larger volume  for  export  shipments than for  domestic  shipments.
Increases in  rail  rates  increase  total  transportation costs  because of
increases in  transportation costs  for  domestic shipments  (from  producing  regions
to domestic milling  centers)  rather than  because of  increases in  transportation
costs  for  export  shipments  (from  producing  regions  to U.S.  ports).  The  primary
reasons  for this  are:  (1)  rail  is  substituted  by truck  rather than by  barge
(Table 10) when  rail  rates increase,  and  (2)  truck is  used mainly to  ship wheat
to domestic milling  centers  rather than  to export  ports.  On  the other  hand,
decreases in  rail  rates  result  in  decreases  in  total  transportation costs due
mainly to export  shipments.  The  primary  reasons  for  this  are:  (1)  rail
substitutes  for  barge  rather than  for truck when  rail  rates decrease (Table 11),
and (2)  barge is  mainly used  to  ship wheat to  export  ports  except  for  shipments- 21  -
TABLE  12.  TRANSPORTATION COST ASSOCIATED WITH SHIPPING WHEAT TO DOMESTIC
MILLING  CENTERS  AND  EXPORT PORTS
Model  Domestic  Export  Total
----------------- 000  dol  ars--------------
1.  Base  Model  93,527  112,756  206,283
2.  10%  Increase  Rail  99,877  113,997  213,874
3.  20%  Increase  Rail
Increase  Barge  108,634  116,184  224,818
8.  10% Decrease  Barge  87,407  107,908  195,315
9.  20% Decrease  Barge  86,397  96,851  183,248
10.  10%  Increase  Truck  100,097  107,717  207,814
11.  20%  Increase  Truck  97,531  111,027  208,558
12.  10%  Decrease  Truck  96,286  107,403  203,689
13.  20%  Decrease  Truck  93,397  105,453  198,850
to  the Great  Lakes.  Changes  in  total  transportation costs are  proportionally
larger with decreases  in  rail  rates than  with  increases  in  rail  rates.  This  is
because  (1)  rail  can  compete more effectively with  barge when  rail  rates
decrease  and with trucks when  rail  rates  increase,  and  (2)  rail-barge
competition  influences total  transportation costs more  than  rail-truck
competition.
Changes  in  barge  rates  affect total  transportation costs  in  the same way
as  changes  in  rail  rates.  However, total  transportation costs are  influenced
more with changes  in  barge  rates  than with  changes  in  rail  rates.
Changes  in  truck  rates  result  in  a  somewhat  limited  impact on  total
transportation costs.  However, total  transportation costs are  influenced  much
less with changes  in  truck  rates than with changes  in  rail  and  barge  rates.
Spring  Wheat Marketing  System
Under Alternative Ocean  Freight  Rates
The total  transportation cost  to  ship spring wheat  from  producing
regions  to  domestic consuming  regions and  foreign importing regions  is  $325.54
million  in  the  base model:  $206 million  for domestic  shipment  (Table 12)  and
$119  million  for  export shipment  (Table 13).  Approximately  37  percent  of this
is  for  ocean transportation  cost while the  remainder is the domestic transpor-
tation cost.  Total  domestic  transportation costs are  not  sensitive to  changes
in  ocean  freight  rates.  It  was hypothesized that changes  in ocean  freight
rates  alter modal  share  and  optimal  flow direction in shipping  wheat from
producing regions  to  domestic  and  export  ports and  consequently affect  domestic
transportation costs.  An  increase  in  ocean  freight  rates  in the Gulf ports
could  shift  grain  flows  from the Gulf ports to  Duluth  or the PNW  ports,  which
might  lead  to  reduction  in quantities of wheat  shipped  by barge  and  to an- 22  -
TABLE  13.  AVERAGE GLOBAL FREIGHT RATE  IN  DOLLARS PER METRIC  TON  FOR  HRS WHEAT
SHIPMENTS
Ocean  Average
U.S.  Transportation  Ocean
Model  Exports  Cost  Freight  Cost
000 metric  000  $/metric ton
tons  dollars
1.  Base  4,867  119,255  24.50
15.  10%  Increase  All  OFR  4,842  130,443  26.94
16.  30%  Increase  All  OFR  4,793  152,428  31.80
17.  50%  Increase  All  OFR  4,743  173,903  36.66
18.  10% Decrease  All  OFR  4,892  107,925  22.06
19.  30% Decrease  All  OFR  4,941  84,873  17.17
20.  50% Decrease  All  OFR  4,991  61,282  12.28
21.  10%  Increase Duluth OFR  4,861  123,076  25.32
23.  30%  Increase Duluth OFR  4,855  126,766  26.11
24.  10%  Decrease Duluth OFR  4,873  115,313  23.66
26. 30%  Decrease Duluth OFR  4,880  111,257  22.80
27.  10%  Increase  Gulf  OFR  4,861  121,237  24.94
29.  30%  Increase  Gulf  OFR  4,854  123,156  25.37
30.  10%  Decrease  Gulf  OFR  4,874  117,219  24.05
32.  30% Decrease  Gulf  OFR  4,880  115,136  23.59
33.  10%  Increase  PNW  OFR  4,855  124,685  25.68
35.  30%  Increase  PNW  OFR  4,843  129,815  26.80
36.  10% Decrease  PNW  OFR  4,879  113,834  23.33
38.  30% Decrease  PNW  OFR  4,891  108,305  22.14
increase  in  quantities  shipped  by rail.  The  result  clearly indicates that  this
hypothesis does  not  hold  for  the U.S.  spring wheat  industry.  This  result  is
consistent with the  study  by  Nagy  et  al.  Ocean transportation costs are,
however,  sensitive to  changes  in  ocean  freight  rates.  Changes in  quantities of
wheat exported  and ocean  transportation costs are presented in  Table 13.
Increases  in  ocean  freight  rates  at  all  U.S.  ports  slightly  reduce  quantities  of
wheat  exported  and  increase  ocean  transportation  costs,  which  leads  to  an
increase  in  average  ocean  transportation  costs.  Decreases  in  ocean  freight
rates  increase  slightly quantities  of wheat  exported  and decrease  the total
ocean transportation costs.  The  theoretical  relationship  between  changes in
ocean  freight  rates  and  those  in  exports  was  presented  in  Figure 1.
Ocean  rates  at  Duluth  were  varied  to  analyze  the  impact  on  the  volume
shipped,  total  ocean  transportation  cost,  and  the  average  cost  per  ton
(Table  13).  In  general,  for  change  in  ocean  rates  at  Duluth,  the  quantity
shipped  would  change inversely.  The  total  ocean  transportation cost changed
about  $3.9  million  for  every  10  percent  change  in  ocean  rates  at  Duluth.  The
impacts  of  variable  ocean  rates  at  the  Gulf  on  the  quantity  exported  are  similar
to  the  results  presented  for  Duluth.  However,  since  ocean  rates  are  lower  from- 23  -
the  Gulf  than  from  Duluth  to  common  destinations,  the  average  change  in  the
total  ocean  transportation  cost  for  a  10  percent  change  in  ocean  rates  at  the
Gulf  was  $2  million  compared  to  $3.9  million  for  Duluth.  The  average  ocean
transportation  costs  deviate  from  the  base  model  by  only  44  cents  per  ton  at  the
Gulf  as  compared  to  82  cents  for  changes  in  ocean  rates  at  Duluth.
Because  the  PNW  exports  about  47  percent  of  the  spring  wheat  produced  in
the  United  States,  the  changes  in  ocean  rates  at  that  port  affect  the  spring
wheat  transportation  system  to  a  greater  extent.  The  volume  of  spring  wheat
shipped  from  the  PNW  changes  about  12,000  metric  tons  for  a  10  percent  change  in
ocean  rates.
Spatial  Equilibrium  Prices  Under
Alternative  Ocean  Freight  Rates
The  models  determine  equilibrium  wheat  prices  at  U.S.  ports  and  importing
regions  and  equilibrium  quantities  traded  between  the  U.S.  and  importing
regions.  Price  determination  is  dependent  upon  the  supply  equations  of  U.S.
wheat,  import  demand  equations  and  changes  in  ocean  transportation  rates.
Table  14  presents  the  estimated  spring  wheat  price  for  various  levels  of
ocean  freight  rates.  Prices  in  the  base  model  for  the  three  U.S.  ports  are
within  the  bounds  of  actual  price  data.
TABLE  14.  ESTIMATED SPRING WHEAT PRICES  IN  DOLLARS PER BUSHEL FOR  OVERALL
CHANGES IN  OCEAN FREIGHT  RATES
Seven  Ocean  Rate  Levels
10  30  50  10  30  50
Base  Percent  Percent  Percent  Percent  Percent  Percent
Trade  Regions  Model  Decrease  Decrease  Decrease  Increase  Increase  Increase
Origins
Duluth  4.95  5.02  5.15  5.28  4.89  4.76  4.63
Gulf  5.29  5.32  5.39  5.45  5.26  5.20  5.14
PNW  5.57  5.57  5.59  5.60  5.57  5.55  5.54
Destinations
Japan  5.97  5.93  5.86  5.79  6.01  6.08  6.15
Africa  6.59  6.49  6.29  6.10  6.69  6.88  7.08
Southeast
Asia  6.44  6.36  6.19  6.02  6.52  6.69  6.86
Europe  5.70  5.69  5.67  5.65  5.70  5.72  5.74
Central
America  5.86  5.83  5.78  5.73  5.88  5.93  5.98
Middle  East  6.56  6.46  6.27  6.08  6.65  6.84  7.03
South
America  5.86  5.83  5.78  5.73  5.88  5.93  5.98- 24  -
Spring  wheat  price in the base model  is highest  at  the  PNW, second
highest  at  the Gulf, and  lowest  at Duluth.  The spatial  price difference is  due
mainly to the demand  and  supply situation  at  each export  port,  domestic
transportation  rates  in shipping wheat  from producing  regions to  export ports,
and  ocean  freight  rates  from  export ports  to  importing  regions.  The West  Coast
has  an  advantage  in shipping wheat  to Japan  and  other Asian countries.
Consequently, Japan and  other Asian  countries'  import  demands  for  spring wheat
at  the  PNW are greater than  at other U.S.  ports.  On  the supply side, because of
relatively high  domestic transportation costs  from producing  regions to the PNW,
spring wheat  is  supplied  at  higher  prices.  These demand  and  supply conditions
lead  to higher prices  at  the PNW  ports.  The Great  Lakes has a cost disadvantage
over  the Gulf ports  in  shipping wheat to  most  importing  regions.  This  lowers
import  demand  for  spring wheat  at the Great  Lakes  and  results  in  a  lower price.
Because of  relatively lower transportation costs  from major spring  wheat
producing areas to the Great Lakes,  spring wheat is  supplied  to the Great  Lakes
despite the lower wheat price.
The Gulf  ports have higher  import demand  than the Great Lakes  for  spring
wheat  from most  importing  regions  except  southeast Asia because ocean  freight
rates  are  lower  from the Gulf ports to  the  importing regions  than from the Great
Lakes ports.  In  addition,  domestic transportation costs  from major  spring wheat
producing  regions  to  Gulf ports are  higher than to  the Great Lakes ports.
Spring wheat prices  are, therefore, higher  at the Gulf ports  than  at  the Great
Lakes.
The  results presented  in  Table  14  indicate that  prices  at  the Great  Lakes
(Duluth) are most  sensitive to changes  in  ocean  freight  rates  and second most
sensitive at  the Gulf ports.  The  prices  at the PNW  ports  are least sensitive to
changes in  ocean  freight  rates.  This  is  mainly because the Great  Lakes and  Gulf
ports compete with  each other  in  shipping wheat to  Western Europe and  the Middle
East,  causing higher price elasticities  of import demand  for  U.S.  spring wheat,
while the PNW ports  have advantages  over  other ports.  Since export  supply
elasticities  are the same  at  all  U.S.  ports, the higher import  demand
elasticities  at  the Great Lakes  and  Gulf ports result in  great  fluctuation in
wheat  prices  at  those  ports.  The  fluctuations in  wheat  prices are  higher at  the
Great  Lakes ports than  at  the Gulf ports.  This indicates that Great Lakes  ports
are most sensitive to  changes  in  ocean  freight  rates.
The  changes  in  port  price  differentials  suggest  that  Duluth  enjoys  the
greatest  benefits  from  ocean  rate  decreases  but  is  the  most  sensitive  to  ocean
rate increases  (Table 14).  The  price  differential  between Duluth  and  PNW is  62
cents in  the base model  and  narrows to 32  cents  when  ocean  rates  are  reduced  by
50  percent.  As  ocean  rates  go  up 50  percent,  the  price differential  broadens to
91  cents.  Gulf prices  are the next  most sensitive  followed by  the PNW.  A
positive  relationship exists between changes  in  ocean  rates  and  prices in
importing  countries.  The spring  wheat  price in importing  regions  like Africa  and
the Middle East reacts  the  most  to  fluctuating  ocean  rates  due  to  the  percentage
of  the  purchase price accounted  for by ocean  rates.
The  impacts  of variable ocean  rates  on  the  three U.S. export  ports  are
shown  in  Tables  15,  16,  and  17.  Changes  in  ocean  rates  at  Duluth result  in  an
inverse change  in the spring wheat  price  at Duluth  (Table 15).  For example, a 10
percent decrease in ocean  rates at  Duluth  results  in a 1.4 percent  increase  in
the  port price  at  the same port.  The  spring  wheat  price  at  the  Gulf  ports
declines  because  import  demand  for  spring wheat is being diverted from the  Gulf- 25  -
TABLE  15. ESTIMATED  SPRING WHEAT PRICES  IN  DOLLARS PER  BUSHEL  FOR VARIOUS OCEAN
RATE  LEVELS  AT DULUTH
Seven  Ocean  Rate  Levels
10  20  30  10  20  30
Base  Percent  Percent  Percent  Percent  Percent  Percent
Trade  Regions  Model  Decrease  Decrease  Decrease  Increase  Increase  Increase
Origins
Duluth  4.96  5.03  5.10  5.18  4.88  4.81  4.73
Gulf  5.30  5.28  5.26  5.25  5.31  5.33  5.35
PNW  5.57  5.56  5.54  5.52  5.59  5.60  5.62
Destinations
Japan  5.97  5.96  5.94  5.92  5.99  6.00  6.02
Africa  6.59  6.58  6.56  6.54  6.61  6.62  6.64
Southeast
Asia  6.44  6.43  6.41  6.40  6.46  6.48  6.49
Europe  5.70  5.70  5.69  5.69  5.69  5.70  5.70
Central
America  5.86  5.84  5.83  5.81  5.88  5.89  5.91
Middle  East  6.56  6.54  6.53  6.51  6.58  6.59  6.61
South
America  5.86  5.84  5.83  5.81  5.88  5.89  5.91
TABLE  16.  ESTIMATED  SPRING WHEAT PRICES  IN  DOLLARS PER BUSHEL FOR VARIOUS
LEVELS OF  OCEAN FREIGHT RATES AT THE GULF PORTS
Seven  Ocean  Rate  Levels
10  20  30  10  20  30
Base  Percent  Percent  Percent  Percent  Percent  Percent
Trade  Regions  Model  Decrease  Decrease  Decrease  Increase  Increase  Increase
Origins
Duluth  4.95  4.95  4.94  4.95  4.96  4.96  4.97
Gulf  5.29  5.35  5.40  5.44  5.24  5.19  5.14
PNW  5.57  5.55  5.54  5.52  5.58  5.60  5.61
Destinations
Japan  5.97  5.95  5.94  5.92  5.98  6.00  6.01
Africa  6.59  6.51  6.43  6.35  6.67  6.74  6.82
Southeast
Asia  6.44  6.43  6.41  6.39  6.46  6.47  6.49
Europe  5.70  5.69  5.69  5.69  5.70  5.71  5.71
Central
America  5.86  5.85  5.85  5.85  5.86  5.87  5.88
Middle  East  6.56  6.54  6.53  6.50  6.57  6.59  6.60
South
America  5.86  5.85  5.85  5.85  5.86  5.87  5.88- 26  -
TABLE  17. ESTIMATED SPRING WHEAT  PRICES  IN  DOLLARS PER  BUSHEL FOR VARIOUS
LEVELS OF  OCEAN  RATES  AT THE  PNW
Seven  Ocean  Rate  Levels
10  20  30  10  20  30
Base  Percent  Percent  Percent  Percent  Percent  Percent
Trade  Regions  Model  Decrease  Decrease  Decrease  Increase  Increase  Increase
Origins
Duluth  4.95  4.95  4.94  4.94  4.96  4.96  4.97
Gulf  5.29  5.29  5.28  5.28  5.30  5.30  5.31
PNW  5.57  5.60  5.64  5.67  5.53  5.50  5.46
Destinations
Japan  5.97  5.96  5.96  5.95  5.97  5.98  5.98
Africa  6.59  6.58  6.58  6.57  6.59  6.60  6.60
Southeast
Asia  6.44  6.39  6.34  6.28  6.49  6.54  6.60
Europe  5.70  5.69  5.69  5.68  5.70  5.71  5.71
Central
America  5.86  5.85  5.85  5.84  5.86  5.87  5.87
Middle  East  6.56  6.49  6.43  6.37  6.62  6.68  6.75
South
America  5.86  5.85  5.85  5.84  5.86  5.87  5.87
ports  to  the  Great  Lakes  ports  with  a decrease  in  ocean  freight  rates  at  the
Great  Lakes.  The  lower  ocean  rates,  therefore,  induce  both  a greater  demand  for
spring  wheat  at  Duluth  and  a  higher  price.  The  increase  in  wheat  price  at  the
Great  Lakes  results  in  a  reduction  in  wheat  price  at  the  PNW  ports.  However,  the
impacts  are  greater  at  the  Gulf  ports  that  at  the  PNW  ports.  Changes  in  wheat
prices  at  importing  regions  as  a  result  of  changes  in  ocean  freight  rates  at  the
Great  Lakes  are  much  smaller  than  those  at  U.S.  ports.  This  is  due  mainly  to
import  demand  being  more  elastic  than  export  supply  at  the  Great  Lakes.
Table  16  shows  changes  in  spring  wheat  price  for  fluctuating  ocean  freight
rates  at  the  Gulf.  Changes  in  ocean  freight  rates  lead  to  reciprocal  changes  in
the  price  at  the  Gulf.  The  wheat  prices  at  the  Great  Lakes  and  PNW  ports  change,
however,  in  the  same  way  as  ocean  freight  rates.  When  ocean  freight  rates
decrease  at  the  Gulf  ports,  shipments  of  wheat  are  diverted  from  other  ports  to
the  Gulf  ports.  This  results  in  an  increase  in  wheat  price  at  the  Gulf  and  a
decrease  in  wheat  prices  at  other  ports.  Wheat  prices  in  importing  regions  are,
in  general,  not  sensitive  to  changes  in  ocean  freight  rates.  This  is mainly
because  import  demand  is  more  elastic  than  export  supply  at  the  Gulf  ports.
The  impacts  of  varying  ocean  freight  rates  at  the  PNW  ports  on  spring
wheat  prices  are  presented  in  Table  17.  Like  the  relationship  between  ocean
freight  rates  and  spring  wheat  prices  at  the  Great  Lakes  and  Gulf  ports,  changes
in  ocean  freight  rates  at  the  PNW  ports  lead  to  opposite  changes  in  price  at  the
same  ports,  while  prices  at  other  ports  change  in  the  same  direction  as  ocean
freight  rates.  Changes  in  wheat  prices  in  importing  regions  are  not  sensitive
to  changes  in  ocean  freight  rates  at  the  PNW  ports.  Changes  in  ocean  freight- 27  -
rates  at  the  PNW  ports  result  in  the  least  impact  on  wheat  prices  at  both  U.S.
ports  and  importing  regions.  The  spring  wheat  prices  are  greatly  influenced
when  ocean  freight  rates  are  changed  at  the  Great  Lakes.
Optimal  Flows  of  Spring  Wheat
Spring  wheat  production  is  concentrated  in  the  Northern  Plains.  However,
domestic  milling  centers  for  spring  wheat  are  located  in  all  areas  of  the  U.S.
Figure  4  represents  the  optimal  grain  flows  from  producing  regions  to  domestic
consuming  regions  and  to  the  three  export  ports  in  the  base  model.  Minnesota
and  North  Dakota  supply  the  western  and  southern  milling  regions.  The  Dakotas
also  ship  wheat  to  Duluth  and  the  Gulf  ports  (Figure  5).  Most  wheat  produced  in
Montana,  Idaho,  and  the  western  part  of  North  Dakota  is  moved  to  the  PNW  for
export.  Changes  in  transportation  rates  do  not  change  flows  of  grain  but  affect
modal  share  and  quantities  of  wheat  shipped  from  each  producing  region  to  both
domestic  milling  centers  and  export  ports.  In  the  base  model  approximately  45
percent  of  the  total  quantity  of  spring  wheat  exported  is  received  by  the  PNW,
about  31  percent  by  the  Gulf,  and  the  remainder  by  the  Great  Lakes.
The  PNW  is  a major  port  shipping  spring  wheat  to  Japan  and  Southeast
Asia  (Table  18).  The  Gulf  ports  are  the  sole  shipper  of  spring  wheat  to
Europe.  The  Gulf  ports  also  ship  wheat  to  South  America.  The  Great  Lakes
ports  (Duluth)  ship  wheat  to  Africa,  Central  America,  the  Middle  East,  and
South  Asia.  However,  the  Great  Lakes  ports  have  a competitive  disadvantage  in
shipping  wheat  to  those  importing  regions  because  ocean  freight  rates  from  the
Great  Lakes  to  those  importing  regions  are  higher  than  from  the  Gulf  ports.
TABLE  18.  ESTIMATED QUANTITIES OF  SPRING WHEAT SHIPPED  TO  IMPORTING  REGIONS  BY
PORT  IN  THE  BASE MODEL
Port
Importing  Region  Duluth  Gulf  PNW
--  --------------------- metric  tons----------------------
Japan  ---  ---  981,865
Africa  141,515
Southeast  Asia  ---  ---  1,130,120
Europe  ---  1,134,501
Central  America  452,792
Middle  East  287,899  --  193,201
South  America  273,058  272,652  --
Total  1,155,264  1,401,153  2,305,186
Changes  in  quantities  of  wheat  exported  at  the  Great  Lakes  ports  are
more  sensitive  to  changes  in  ocean  freight  rates  than  at  other  U.S.  ports.
This  indicates  that  the  Great  Lakes  ports  have  a  competitive  disadvantage  in
exporting  wheat  compared  with  other  ports  (Table  19).- 28  -
Figure 4.  Optimal  Flows of  Spring Wheat  from Producing  Regions to
Domestic Consuming Regions in the Base Model  (Model  1)
Figure  5.  Optimal  Flows  of  Spring  Wheat  from  Producing  Regions  to
U.S.  Export  Ports  in  thew  Base  Model  (Model  1)
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TABLE 19.  QUANTITIES OF SPRING WHEAT EXPORTED AT EACH U.S.  PORT UNDER
ALTERNATIVE OCEAN FREIGHT RATES
Model  Great  Lakes  Gulf  PNW
-------------- 000  metric  tons----  ----
Base  Model  1,155  1,401  2,305
10%  Increase  in  OFR  1,140  1,399  2,303
30%  Increase  in  OFR  1,079  1,366  2,307
10%  Decrease  in  OFR  1,170  1,415  2,306
30% Decrease  in  OFR  1,230  1,448  2,312
20% Increase  in  Duluth  1,120  1,420  2,310
20% Decrease  in  Duluth  1,190  1,389  2,299
20%  Increase  in  Gulf  1,161  1,379  2,310
20%  Decrease  in  Gulf  1,143  1,435  2,309
20%  Increase  in  PNW  1,158  1,410  2,276
20% Decrease  in  PNW  1,153  1,405  2,334
A 10  percent  increase  (decrease)  in  ocean  freight  rates  at  the  Great
Lakes  results  in  a  3  percent  decrease  (increase)  in  the  quantity  of  spring
wheat  exported  through  the  same  ports.  The  reduction  in  the  quantity  of  wheat
exported  is  diverted  mainly  to  the  Gulf  ports  and  some  to  the  PNW  ports  when
ocean  freight  rates  are  increased.  The  increase  in  quantity  exported  at  the
Great  Lakes  is  obtained  from  diverting  wheat  shipments  from  the  Gulf  ports  to
the  Great  Lakes  ports  with  a decrease  in  ocean  freight  rates  at  those  ports.
This  is  due  mainly  to  the  Great  Lakes  and  Gulf  ports  competing  with  each  other
in  shipping  wheat  to  foreign  importing  regions.  Likewise,  changes  in  ocean
freight  rates  at  the  Gulf  ports  result  in  greater  changes  in  quantities  of
wheat  shipped  at  the  Great  Lakes  ports  than  at  the  PNW  ports.  Changes  in  ocean
freight  rates  at  the  PNW  ports  are  least  sensitive  to  changes  in  quantities  of
wheat  shipped  at  the  same  port  and  result  in  greater  impacts  to  the  quantities
of  wheat  exported  at  the  Gulf  ports  than  at  the  Great  Lakes.  This  indicates
that  the  PNW  ports  compete  more  with  the  Gulf  ports  than  with  the  Great  Lakes
in  shipping  wheat  to  foreign  importing  regions.
Conclusion
Modal  shares  for  HRS  wheat  shipments  are  45  percent  for  rail,  40  percent
for  barge  and  15  percent  for  truck  in  the  base  model.  However,  the  modal  share
depends  upon  relative  changes  in  transportation  rates.  The  modal  shares  are
more  sensitive  to  changes  in  rail  rates  than  to  changes  in  other  transportation
rates.  This  is  mainly  because  railroads  compete  with  both  truck  and  barge  in
shipping  spring  wheat  to  the  final  destination,  while  barge  and  truck  compete
with  only  railroads.  Characteristics  of  modal  share  are  different  between
domestic  and  export  shipments  of  wheat.  For  domestic  shipment,  rail  and  truck
compete  with  each  other,  while  rail  mainly  competes  with  barge  for  export
shipments.  In  both  shipments,  railroads  play  an  important  role  in  marketing
spring  wheat  to  final  destinations.  Waterway  transportation  is  another
important  way  of  shipping  wheat  to  final  destinations.  It  is  also  found  that
approximately  20  percent  of  the  quantity  of  wheat  moved  via  waterway  is  shipped- 30  -
through the Great  Lakes  from Duluth to  Buffalo.  The  Great Lakes port  (Duluth)
is a major export  port  for  spring wheat.  About  24  percent  of the total  quantity
of wheat exported  is shipped through  Duluth  to  foreign destinations, mainly  the
Middle East  and  Europe.  Duluth  is  the  second  largest  port  for  both domestic  and
export shipments  of  spring wheat.  This  port  is  especially important  for wheat
producers in  the Dakotas  and  Minnesota.  The  PNW is  the largest  port  for  spring
wheat  export;  it  handles  about 47  percent  of the  total  spring wheat  exported.
The  remainder is  handled  at  the  Gulf ports.
It  was  hypothesized that  changes  in  ocean  freight  rates alter modal  share
and  flow direction  in  shipping wheat  from  producing  regions  to domestic
consuming  regions  and  export  ports.  However, this  study indicates that the
hypothesis does not  hold  for the U.S.  spring wheat  industry.  This  result is
consistent  with the  study by  Nagy  et  al.  Changes  in  ocean freight  rates
influence only  spatial  equilibrium  conditions between  U.S.  and  foreign  importing
regions.  The quantities  of U.S. wheat exported  are  inversely  related  to ocean
freight  rates.  This  is  consistent  with the trade theory shown in  Figure 1.
However, according to  this  study the  relationship is  not  sensitive.
Equilibrium wheat  price at  each U.  port  is  determined by the demand  and
supply condition  at  that  port,  domestic  .transportation  rates from producing
regions  to  the port,  and  ocean  freight  rates from the port to  foreign  importing
regions.  This  study  reveals that spring  wheat  price is  the highest at  the PNW
ports,  second  highest  at  the Gulf ports,  and  lowest  at  the Great  Lakes ports.
However, these prices  depend  upon ocean  freight  rates.  Overall  decreases  in
ocean  freight  rates  reduce price differentials among ports  and  vice versa.
Spring wheat  prices  are more  sensitive to  changes in  ocean  freight  rates  at  the
Gulf and Great  Lakes  than  at the  PNW ports.  This  study also indicates  that
decreases in  ocean freight  rates  at  the Great  Lakes ports  are most beneficial
to those  spring wheat  farmers  who ship  their grain to the  Duluth port, mainly
farmers in  Minnesota  and the Dakotas.
Changes  in  ocean freight  rates  also  affect equilibrium prices in
importing  regions.  However, the  changes in  prices  at  U.S.  ports  are much
greater than  those  in  importing regions.  This  suggests  that unstable ocean
freight  rates contribute greater uncertainty in  wheat  prices to U.S. wheat
farmers  than  to  consumers  in  importing  regions.- 31  -
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